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Abstract
In the present contribution we show that the introduction of axial currents in
electrodynamics can explain the quantization of electric charge and introduces a dy-
namical discreteness of space-time, justifying thus the regularization of Feymman’s
integrals.
We start with a generalized definition of the electromagnetic
field tensor
Fµν = ∂µAν − ∂νAµ + ǫµναβ∂
αBβ (1)
where Bµ is an axial 4-vector field. From the point of view
of quantum theory this field represents photon-like particles
except for P , T and C parities. In other words, axial photons.
Maxwell’s equations in Lorenz’s gauge become
1
∂νFνµ = ✷Aµ = jµ (2)
∂νF †νµ = ✷Bµ = gµ (3)
where we have introduced the axial electromagnetic current
given by
gµ = −gψ¯γµγ5ψ (4)
Here ψ represents an spin 1/2 particle (axial monopole) with
axial charge g.
In terms of the electromagnetic fields, equation (3) is written
as
~∇ · ~H = −gψ¯γ0γ5ψ = −gψ
†γ5ψ (5)
~∇× ~E = −
∂ ~H
∂t
− gψ¯~γγ5ψ = −
∂ ~H
∂t
− gψ†~αγ5ψ (6)
Let us consider an axial monopole at rest. Equation (6)
gives
~∇× ~E = ρ~σ (7)
where ρ stands for the axial charge density and ~σ is the ex-
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pectation value of the spin operator. This equation has the
solution
~E =
g
4π
~σ ×
~r
r3
(8)
Consider the scattering of an electric charge by this field,
at impact parameter b, with ~σ pointing in the direction of the
charge’s velocity ~v (positive z-axis, say). In such case, the
variation of the charge’s momentum during the scattering can
be immediately calculated to be
∆~p =
∫ +∞
−∞
~Fdt =
∫ +∞
−∞
e ~Edt =
∫ +∞
−∞
eg
4π
ρ
(ρ2 + z2)
3
2
eˆφdt (9)
Inserting ρ = b and z = vt in (9), we get
∆~p =
egb
4π
eˆφ
∫ +∞
−∞
dt
(b2 + v2t2)
3
2
=
eg
2πvb
eˆφ (10)
To this momentum variation there will be a corresponding
angular momentum’s change given by
∆~L =
eg
2πv
eˆz (11)
which is independent of the impact parameter.
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Using now Bohr’s quantization rule, we arrive at
∆L =
eg
2πv
= n (12)
n being any integer.
The above relation can only be satisfied if we simultaneously
fulfill
eg
2π
= n0 (13)
and
v =
n0
n
(14)
with n = n0, n0 + 1, n0 + 2...
The first one of these conditions implies in charge quantiza-
tion, in the same way of Dirac’s charge quantization condition.
The second condition represents the restriction of veloc-
ity values to rational numbers, a result integrated in discrete
space-time theories. Moreover, for a massive charged particle,
it means that v ≤ v0
v0 =
n0
n0 + 1
(15)
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This limit for v leads to upper limits for p and E, the mo-
mentum and energy of such particle. For n0 ≫ 1 these upper
limits are
p0 ≈ E0 ≈ m(n0/2)
1
2 (16)
Using the uncertainty principle, we arrive at a fundamental
length for the particle’s space-time, namely
a ∼
1
p0
≈
(2/n0)
1
2
m
(17)
The experimental upper limit a < 10−16cm gives
n0 > 2× 10
6 (18)
and
g =
2πn
e
> 109 (19)
where was used the mass and charge of the electron.
With this value we can estimate a lower limit to the mass
of the axial monopole
M =
g2
e2
m > 1016Gev (20)
5
This limit is of order of GUT scale, the order of, for instance,
SU(5) magnetic monopoles.
The dynamical discreteness obtained here can be used to
justify the regularization of the Feymman’s integrals of QED,
introducing the covariant cut-off given by (16).
For example, we can obtain the relation between the physical
and bare values of the fine structure constant
α = α0[1−
α0
3π
log(
m2
p20
)]−1 = α0[1−
α0
3π
log(2/n0)]
−1 (21)
If we take the lower limit for n0 given by (18), we get
α = α0[1 +
6α0
3π
log10]−1 ≈
α0
1 + 1.5α0
(22)
Thus, we conclude that the existence of massive axial
monopoles in the Universe allows us to explain the quantiza-
tion of electric charge and gives rise to a dynamical, covariant,
discreteness of space-time.
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